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Rifamycln S
Rifa mycl n S a r e agr O tlP Of a n s a mycl n S C O mPO u nds,
cha r a cte ri2:ed bythe pr e s e n c eofA n aliphatic a n s a
-bridge
c o n n e ctingtw o s epa r ate po sitio n s ofa n ar o m atic n tlCle q s
at n o n- adJ
'
a c crLtPO Sitio n sI T he n a m e c o m esfro m the Latin
v ord
A
an s a
”
m e a ningha ndle･ An6 ar nyCin s a ctin diverse W甲S:
s ubsta nce s Which ar e a ntiletlkemic, antiproto z o al, antifungal,
o rinhibito rs ofrev erse tT anSCripta sehav ebe e nidenti&ed but
onlysom e Of the rihmydn s are u sed ctlr re ntlyther apetltically
(1). They ar ecl乱S8iaed a c c o rding to the strtl Ctu l e Ofthe
ar o m atic m oiety:the rifaJ nyCin gr ollP Ofa n s a mycin sha s
a n aphthale n e n ucle u s a sdo related c o mpotl nds stl Ch a s
str cptov aricin . T he s e a r eba cte ristatic age nts,inhibiting
D N A-depe nde ntRNApolymer as e(2)I
Rifa myc l n S a r e S e c o ndary m etabolite s ofthe
a ctino皿YC ete A m)c oZaioPsis m cdiEc rr p n ei･ T hey wer eis olated
fr o m thefer m e ntatio nbr oths ofthis o rganis m in 1957･ O f
fiv ebiologic anyactiv e co mpo u nds o n e,riBa･TlyCiJIB,tlnde rgoe8
spo nta n e otLS aCtiv atl O ntO for m ri丘mycin S vhich c oul dthe n
be r edu c edto rifl -YCin S V, a substa n c ehighly activ e again st
Myc obn ct-
'
u2 ntubc rcuZosis･ Tho ughefre ctiv e agmist a r a nge
of Gra mpo sitiv eba cte ria 如 vitr o, rifa rnycin SVis po o rly
abso rbedin the gastrointestin altra ctl SO Oraladminiatmtio n
didn otle adto effe ctiv ele v elsin theblo odstre a m ofpatl e ntS･
A d血 niste r edpar e nterally,it w as ex cr eted quicklybythe
liv erleadhlgtO high1ev elsin the bile･ The r efo re, n odi&ed
rifarrlyCin s w ere sc re e n edfo rbettergastrointestin alabs o rptio n,
prolo ngeda ntiba cteria1lev elsin theblo od,a ndgre ater a ctivlty･
Ri血 npicin w a sthe m o stpromising
.
,
itis the hydr a 乞O n e Of
3-6o rrrIYhi鮎 アCin S Vwith N- amin o- N
.
-zn ethylpipe ra血n e
(1). The c o mpou ndis a n odourles s r ed-bro w n c rystallin e
po wder r e adily s oltlblein dim ethylsulfbxide, chlo r ofor m, and
m etha.l Obtlt Onlyslightlysoltlblein w ater.
M a ny cla s s e s of a ntibiotic s are s7nthe si乞ed by
po17ketide synthas es,in cluding m a cr olides a ndtetra cycl ines
as wdla s rifa mycin B･ T he polyketide synthas ege n e clu ster
in v olvedin rifa mycirLbio synthe sis byA･ 2n Cd,
-
1e r ro n ci
,
w a s
don edin EsEhericbl
-
a colta nd c o mpletelys eque n ced(3)I The
D N Ae n c odes丘v everylarge ope n r edingfra m esOrie ntated
in o n edire ction ･ As e xpected fr o rnthe chemic alstru ctu re of
rifar甲 in s,te npolykedde synthas e 皿 Odule s aTlda CoA hgas e
dom 血 w ereidc ntiLedin the &v e ope n re adingfr a m es which
c ontain o ne to thre ePOlyketide synths e rn od 山es edch. T he
orde r ofthe fun ctio nal do m ain son the D N Aprobablyreae cts
the orderin whichtheyar e u s ed be c at,see achof the m odules
contain sthe pre.
dicted a cetate orpr opio n ate tr a n sfe nse,
dehァd, atas e, a ndbeta
-keto a cyl
-A C Tr edu ctas efun ctio n s,
requir edforthe re spe ctiv e stepin r 叫 n bio甲nthesis･
RifanlPICin
h 1967 Ha rtm a n n a nd c olle ague s(4) pr opo sed
that thc rifa 皿yCin s might a ct o n R N Asynthesis bas ed on
the obs e mtio nthat rifa mpI Cin inhibited uraciluptakein
S呼by]ococcu s a w e us. Fu rthe rexperim e nts de m o n str ated that,
in m
l
iro, rif hpicin con ce ntntio n s aslow a$0･02〟g/nl(2 Ⅹ
lo
la
M)inhibitedtheD N A-depe nderLtR N Apolym cras e ofEI
col,
I
.In c o ntr ast, DNA-depe ndentDNApolymer as e re m ain ed
a ctiv e e v e n when expo s edto r血 mpICln c o n c e ntratio n5000Ⅹ
higher(5)･ E I EC],
I
RN Apolymer as eholo e n zyme c o nsists ofa
co re c o mprisingtw o a s ubu nits, o n eβs ubtmit, a nd o n eβ
'
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s ubu nit(e n c oded byTPaL4, ヴaB, 7PoCge n es re spe ctiv ely),plロS
a n otherpr otein c aued o (e nc oded bァrpoD) whichis o nly
in v olv edin chaininitiation(6)･ Exte n siv e e xperim ents ha v e
sho w nthat thebindingofrifhmpicin to the D N A-depende nt
R N Apolymer まS ePr events elo ngatio n ofinitiated R N Achain s
resultingin the a c c u mulatio n ofabo rtiv eini 血tio nprodu ctsin
the c ell･ Experirn erltSdo n cwithisolated subu nits by Zillg et
G[･,in1970provedthatthe a ntibioticbindsto the P -S ubu nit
of the e n zyme(ascitedin5).
The pres e n c eoftw ofre ehydroxylgro tlPS atpo sitio n s
C-21 a nd C-23o nthe a n s a chain(Fig･ 1) a ndtw opola r
gro ups(either hydro x7l o r c arbonyl)atpo sition sC -1 a nd
C-8 ofthe n aphthoquin o nic n u cle u s are the minim u 皿
reqtlir e m e ntsfo r a cd vity･ A stlbstittltio n o r m od姐catio nofany
s o rt o nthe segro ups re ndersthe 血 堵in a ctiv e(1,5). Evide n c e
fro m sttldies with M･ ∫m egm qtis stlgge Stedthat the m echanis m
of rifa npicin a ctio nirkthis Gra m-po sitiv eorga nis m w a s
identic alto th上irl E. (oZi(7),Itis ther efbr eprobable that the
m ode ofa ctio n ofrifam pIC mis sir nihrin dlba cteria･
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Fig･ 1: C he mic al s tr u c r u r e ofrif& mpl ｡in ･
P ho sphorylativ ein ac tiv atio n o ccl 'rS at the C- 21
positio n,glu c osyhtio n and A D P-,ibosァhtio n atthe
C-23positio n･
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Rifa mpicin re sita n c e
Rifa mpicin is a che m other apetltic age nt ofchoic e
to c o mbatinfectio n sby pathoge nic 'l O C a rdiofo r m s a nd M ･
tube'c ulo∫is
･ So o n afteritsintr odu ctio nto clinic alpr actis e
in 1972, re sista ntr ntla ntS W er eide ntified(8). cl且SSic ally,
microbe s r esit the a ctio n ofa ntibioticsby ta rget site
alter atio n･ As stated above･ r 血 npl el n acts bybindingto the
β- subu nit of R NApolymera s e, e n c oded bythe rpoBge n e.In
M ･ tube rc 〟losiB
,
this gene is a3,534 bpO R Fwi tha n o v e rall
G＋C c o nte nt of 64.2 %a nd a G T Ginitiatio n c odo ll
. T he
re sulting protein is1,178amin o a cidslo ng(9). M a ny studies
hav eide ntifiedzn utationsiI =pOB c o nfe rringr e sistanc eto
this drug･ T he a ntibiotic n olo rLge rbinds to the ♂- sIJbu nit,
but R N Apolymer ase properties 且r e Othe rwis e u n cha nged･
In EI C OILm ostzn utatio ns ar e chlSter edirk a225 bp regio nof
the 7POB ge n e(10). Si milar ､ 和 rkdo n ein ” . lepn e(ll), a nd
M
･
Luberr u]osis･(12),ide ntiBed the sa m e regio n as m utatio n al
hotspotfo r ri血npicln reSist且皿 CC･ Studies repo rt thatcodoTIS
5 16, 526a nd 5 31ar e mo stlikely to m utate c o nfe rring
rifhmpicin re sitan ce(13, 14)･ Inte re stingly,the s equ e n ceof
this regio nis c o n s er v ed a m o ngba cte ria,pla nts a nd m a ny
eukaryDteSa5).
Gra m n egativ e orga nis m sha v e arifa 皿Picin M I C
abo tlt tw o O rde rs of m agnitude highe rtha n most Gr a m
po sitiv eba cteria,dtl etO their funda m e ntallydj丘 re ntc ellwan
str u cttl re. Fo rthe s a m e re a60 n m a ny Othe r a ntibiotics, s u ch
as m a c rolide s
?
v a.I C O mア℃1n 且nd fu sidic a cid, Sho w a simila r
dichoto mァin s u s c eptibilities･ M ore spe ci&c al17, Cha ngesin c ell
w allpe rJn e ability w er e r epo rtedto c o nfer rifa mpicinresita n c e
in Myobaclm
l
u m a viu7n(16), a ndre ce ntlya m utatio n altering
cellw allpe r m e ability w a s repo rtedin Ncisse ria m e ningiti ゐ
(17)･ An efntu 'pu mp c o ntributes to rifa mpicin r esita n c e
in Hd C mO2h i[u ∫ z
'
nj7u e n 2= O e, being a thr e e-ge n e ope ro n
ho m ologo u st othe a ErRL4 Bclu ster ofE co)i(18).
Rifa mpicin in a ctiv ating en zym es
Anothe r w野in which bacteria m ayrespo ndto a ntibiotic
challe ngei8 byin activ atio n ofthe drug･ T he re m ainder of
this re vie w wi llbe de v oted亡o whatis kno w 皿 abo ut this
,
a s
far a s ri6azT[yCln S a re C O n C e r
.
n ed･ Fou r m e chanisr n shav ebe e n
ide ntified:de c o mpo sitio n, ribo syl乱tio n, glu c o sylatio n a nd
千葉大学 真薗医学研究 セ ン タ ー 報告 額8巻 2004
T&blc1;虹 色mpicl ninactivatio ngenes ofmy亡Obacte血 and皿OCa rdiofo m s
Organis m(s 廿ain) M e chanis m Gen e Ref旨JY nCC
凡equ L
-
A T C C 1 4887
M
･ sm cg7Zl血
D S M43756
N. oEiti dt-sE am 'u r〟m
IF M 0239
N. b愉ilE
'
e7W t
'
s
IF M 0236
dec o mpositio n
A D P- ribosyhtio n
phosphoryhtio n
glu c osyhtiozl
rn O n O OXygerlaSe
A D P-ribosyl
traJlS托rase
not knD W n
d7C Og,ltra nBfeTaSe
(20)
(24
,
26)
A- Rebie, u lPubhshed
(2S)
phospho ryhtio n(Table 1). T he D N A fo r an fbu rhas be e n
clo n eda ndchar a cte rizedin o u rJoha n n esbu rglabo r ato ry･
T he fir st r epo rt ofr血r npi dn m odific atio n e n甲 n atic
a ctivity w asin R bodoc occu s rbodoEbr o y∫ a ndin M ･ s m egm Gtis
(19), T his sttldyde s cribedthe drug re si ta nce asdu eto
in a ctiv atio n a nd dec olori乞atio flOf the a ntibiotic. T he D N A
re spo n sible w a subs equ e ntly clo n ed fro mthe oppo rtu nistic
pathoge n RJ5odococc u∫ cguistr ain A T C C14887 (20). Bas ed
o n the ge n e seqtle n Ce,it w ashypothesi耽 d thatit e n c oded a
m o n o oxyge n a s e;gre ate st si mila rity w asto m e mbers ofthis
clas s ofe n 乞ymeS a cting upo nphe n olic c or npo tl nds(21)≡
r血 mpicin pos s esses a n aphthle nyl n oietyto whichthe a n sa
chainis atta ched. Disr uptio n ofthispartofthedrug m ole cule
is co n siste nt withthe obs erv atio n th且tfloilla Ctiv ederiv ativ e
c a nbeis olated,in contn stwiththe otherthree c n野 m eSI
Tanaka etal(22)sho w edthatin a ctivatio n ofrlfa npicin
byde colo ri2･atio nisfairlァ c o m m o n a m o ngdiffere nt spe cies
ofR ho血 .occ u ∫in chlding RI C rytbropoZi∫ A T C C 4277, R ･
rbodocb, P u sA T C C 12 674
,
R ･ egui A T C C 1488 7, a nd
RJ5odoco[Eu SSP･ D S M 1069. Ftlrther m o r e,this Tn e Cha nis mis
als ofo u ndin other r ehtedstr eptomycetes s.1 Ch asArtbrobq亡tW
o xyda n ∫CIS a nd M s m cgm atis D S M 4375 6･ T he ge n e
re spo n sible fo rthis phe n otype w asde sign atediri(fo r
inactivation ofd血 皿Picin)a nd has a1,437bp c odingregio n
(479amin o 且Clds). zric o nfTers 乱25- foldin cr e asein r esita n ce
in R bodococ cu Ja ndin E. c oZithis D N Ac o nfers alO-fold
in cr e as ein ri色mpicin M IC･ I7 -itrosttldiesdern o n strated th且t
theprefer red co血:tor requir ed f♭rin activ atio n m sN A D PH.
A DPイibo syF8tio n
Am 血er rn echazdsm of 血 picinin且C 触 on - ribogd血on -
w a sdes cribedin thefTast-growing M}cobdCterl
'
u7m PeCie s=M ･
∫m cgm u#is, M I LZ9iu m and MI pa r.y/o rtuifu 7ZL T his m echa nis m
w a sthe o nly m e a n s ofrifa mpicin ina ctiv atiorLin GQ rdo nia
arid TJyho m u rela str ain s(23). T he D N A fro m ” J7n Cgm ntL
I
s
D S M 43756re spo n sible for this phe notype w a s clo n ed
aridchar a cte riz ed･ A single gen eis c a rried o n aIl kbSa[
I fr agm e nt a nd c o nfer s a12-foldin cr eas ein rifa rnpicin
r esistarLC etO M . ∫,n egm atl
'
s a nd related o rga n lSmS･ h E ･ MZl
'
M ICs of500〟d皿1w ere obs e rv ed(24). Bi∝he micd studie s
sho w edthat thege n een c oded a m o n o
- A D P-ribosyltraTISfe
Ea s e a nd he n ce w asdesign ated Gdrfo rA D P
- ribo syla亡io n of
ri丘mpicin･ The1,141 bpsequ e n ceis63% G Crich a ndc arri占s
a 429 bp O R Fぬ rting with a G T Gstart c odo n atpo sitio n
356a ndte rmin atingin T A Gatpositio n784･ T he e n甲 m C
c o n sits of143amido a cids a nd hs a m ole cdar w eightof15･9
kI)a･ Zn I,z
l
tro e甲 erir n e nts re v e aledthat N A Dis thepr efer red
c血 cto rforin activ atio n(24,25).
Initially(23)it w as repo rtedthatin a ctiv atio n ofthe
drugto okpla c eby ribo sylatio rl at the C
-23c arbo n
,
it w as
s ubs equ e ntly(26)propo s edthat the initialstepin this
in activ atio n m echa nis 皿is A D P-ribo sylatio n atthis po sitiorl･
The AI)P-ribo sylated c o mpo u nd w asthe n m odified bythe
tw o- step r e m o v alof nic otin amide a nd A D Pr e stllingl n
ribo sylatedriLampicin(23,26). Stru ctu ral dete rmin atio n w o rk
re v e aledtha亡the ÅD P-ribosyhtio n stepi n v olv esthe tr an sf.e r
of A D P-ribo s eto C-23via a n0 -glyc osidicbo nd a nd results
in 2310- A D P- ribo sylrifa q 'picin (RIPIT A). The existe n c e
oftw o othe rin a ctiv e rifa mpicin inte r m ediatesde sign ated
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RIP-Tip(a C-23pho spho ribosylr血 mpicin) a nd RIP- M b
w as shown illthes e studie sIT hu s,theinitial A D P-ribo甲1且tio n
stepisfolo w ed bァthe re m o v alof A M P fro mthe RIP-TAs･
T he r e afte r, depho spho rylatio n of RIP-TAp giv e s riseto
ribo甲1ated rifa mpicin(25)･ This w a sthe fir st r epo rt of
A D P- ribosyhtio n 8 S a 皿 e Cha nis m ofa ntibioticin a ctiv atio n.
Mutage n e si ofthe adr ge n e.
Tw o appr o a ches v e r e m ade to obtain m uta nts of
the A D P(ribo syl)tran sfe n s ege n e. P C R-ba sed ra ndom
m utage n e si ofthe adr ge n e(i - itr o) w a s atte mpted.
T he pr o c edu r ein v olv edperfo rming a P C Rreaction ti nde r
co nditions thatr edu c ethefi delit7Ofn u cle otidein c o rpo r atio n)
cloning the r esdtingP C R fr agm e nts, aJld theJ ” ⊂re e nl ng
the r esultinglil- ryfo r n o v el 皿 utatio n s affe cting pr otein
fun ctio n･ So fa r, this ha s n otpr o v ed ef
:fe ctiv e･ Anin vim
appro a ch ha sbe en m o re S u c c essful, and m tlta ntS withredtlC ed
rifa mpicl n r esista n c e W ere Obtain edu sing a c o u nte r- Seleetio n
te clmiqtle (S･ Puhac a,tlnPublishedre sults). This targets C ells
which 打 e gr owingbye甲 O Singthe m to aba ctericidalage nt;
s u ch a n 喝e ntis n otbactericidalto wa rds no n
-
growing c ellsI
T herefo re o n e m ayide ntifydrugs u sc eptible clo n e s a m o ngst a
cellpopAnt1 0JI Whichis ov er whel minglyn o n-s u s c eptible･
Clo n e s wllich had be c o m e rifa mpicin s u s c eptible
(Rif-S)in thepres e n c e of this drugc oul din prin ciple ha v e
a ny offo u rdiL he nt ca土ego ries ofm tltatio n,in the:
(1)chro m o so m e of theho stcell,
(2)plasmidv e cto ridteringcopyn u mber,
(3)pro ･n ote r,alte ringexpres sio n,
(4)4d[gen eits elf.
Restriction fr喝rn e rlt e xcha nge e xpe rim e ntside ntified
a single clo n ein which s u s c eptibilitァ w a slo c ated within
the ad ?O RF･ This phs mid, design atedpSPl, w a s obtain ed
a s a r e stllt of nitr o s ogu a nidin e m utage n e si ･ A C
- T
tra n sitio n w aside nt述ed
,predictedtobc a mis s e n se m utatio n
co rIV erting a pr olin e residu eto a s erin e･ StlCh a n amino a cid
cha nge mightbe expe cted to ha v e a m ajo r efFe ct o nprotein
str u ctlE e/ 血n ctio n,a sis obs er v ed.
CeH m orpholog y
lfthe Adrproteinis n o r 皿 anYirlVOIv edin ba cterial wal
biosynthesis(s ee b 血o w)it mightbe that ov e r- e xpresi oJl
alte rs c ellm o rphology. Su ch w asfou ndto be the cas e(S.
Puhc a
,
u npublishedre sults). Light micro sc ope vis u alis ation
ofa. coZs
'
cultu r es re v ealed that, w he r eas those tra n sfor m ed
withv e cto ralo n e w ere n or m al(Fig. 2,left),thos e. withthe
s a m eplasmid carrying the A DP
-ribo sylatio n ge n e w e r e
rl a m e nto tlS(Fig. 2, c e nter). A m tlta ntin which expre ssio n
ofthe r血 mpicin in a ctiv ating c n zyme w a s s ev e r elyim pair ed,
obtain ed a sdes cribedin the pr e vio u s s e ctio n, re cov e r ed a
m o rphologysi mi hto thatofwi1dtype(Fig. 2,right).
GIu c o sylatio n
Rifla mPicirlin a cti冊tio nbyglu c osyhtio n w asprevio u sly
describedin NccG rdiGa,v sz
'
Zl
'
en si IF M 0236(27). Age n omic
libra ry of N･ bra ∫i/l
'
cn siIF M 0236w as co n stru ctedin shutde
v e cto rpD A71 and clon es co nferringr漁 mpicin in a ctiv atio n
s electedo nthe b且Sis ofin cr e ased resistan c etO this a ntibio血 .
A clon e w asobtain edthat c o nfe r red a 30-foldiJI CrC aS ein
rifa mpidn 加ⅡCin Gra 血7 0 Sitiv eR bodoc occ us rbod k bn u s(Fig.
3) and a n80-foldincre a sein EschericbiLZ Eon. In this, a swith
Fig1 2:Light 血 - sc opysho whgthe e免 ct ofac lmedri血 IPi血 inactiv 血 g gene o nE EC)iGens.
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L Verticala n s:描/mlrifaTr,Pidn･
allothe r rifan lPI Cl nin a ctiv atio nge n eslthe re sita n c ein cr ea se
c o nferr edis gr e atestfo r s e mi
- synthetic rifamァcin s s u ch as
r血 mpicin(SOX)or rifhbutln a nd less(10×)forthe n attlral
pr odu ct ri丘皿Ydn SV(28)･ Str epto v aricin a nd streptolydigin
a r erehted c o mpo u nds that alsobindto andinhibit D N A
depe nde ntR N Apolyme ra selmtfat,Od [〉 a ndiTigen e sdidn ot
co nfもr a nyresistan c eto either Ofthe se c ompounds･
･Ho m oge n 且te S Of c ells c a r ryingthis clon etested
2
'
n m
'
tr owith v a rio llS COfacto fS indic ated that u ridin e
d主phosphate gln c o s e(U D P G) a nd u ridin edipho 8Phate
gahcto s e(UDP Gal) w e r ethe o nly c ofa ct ors c apable of
m ediatingin a ctiv atio n. T hinl甲er Chr o m atogr aphy on silic a
gelphtes c o n血 m edthat the r esita n c e vasdu eto chemical
m odi&c atio n a ndtw o m oicties with REV ahes c o n siste nt with
tho s eprevio u slydcte rz=lin ed fo rglu co syhtedrifampicl n W ere
dete cted･ Repr es e ntativ e ri 血npI Cin in a ctiv ation expe rim ents
are sho w nin the time c otLrS e experim e nts(Flg･ 4)I Rihrrlydn
S Vw asin a ctiv ated 皿 O re Slowly v he re a B Str ePtOlydigin a nd
str epto v aricin w er e n otin a ctiv ated at au.
Restrictio n 皿 aPPlng a ndsequ e n cingrev ealed thein s ert
siz eto be l･8 kb･ O R Fprediction exe rcisesdetermin edtw o
putativ e co nverging OR Fs,bothappar e ntlyreqtlir ed LTo rthe
pheno type･ The s mdlerO R 甘w as405bpe n c odingapredicted
pr otein of 134血 n o a cids withm ole与dar w eight13･9 kDa･
Seqtle n C eS tlPS r eam Ofthis O R Esho w edsi mila rityto the
co r respo nding regio n ofthe previo uslyde s cribed rifaLnPicin
rn o n o o xァge n a s ein a ctiv atio n ge n e, stlgge Sting shared
regulato ryfeatu r es6or thes ege n es･ T he hrgerO R Fw as1164
bp encoding a predicted 41 kDa protein of 387amin o acids
(28). An andysis ofthe pr otein s equ e n c e tlSingtheP S O RT
progn m for pr otein loc ali忽 tion s喝geSted thatthe proteh is
likelytobcsecr eted bythe ceusI
Su rprl$1 ngly, this O RFsho wed high sequ e n c e
si mihrity toglyc osyltm n sfer as 亡Bin volvedin thebiosynthesis
ofv a n comァcirlby A myrolatopsis o rim tz7l,
-
s a ndthe r elated
a ntibiotic b dhi叩 Cin byA･ ”,cdil - 4 n Ci(29)･ E ･ coh
'
is no t
＋ pC Ll
＋ p(:L2
- Co ntrol
Tirtl B(rTlF1)
≡鎧gRiEi晋畠三n(;8TITpncy2㌣鵬
OfE ' mJl
'
匡ヨ
8 10 2D 34 J10 50 Bq
TlrrMPlr B)
Fig･ 5:RifL nPl血 in a ctiv atio nb7 e Xt,a cts Of R･
rbodo 血, Acarryingthe,gtgen e(pC Ll,pC L 2);n･b.
diqere n ceint血 e scale c o mpw ed wi thE ･EO/t
l
e xt m ctg
くFlg･4)･
千葉大学 其菌医学研究セ ン タ ー 報告 帯 8巷 2004 55
n o r mally pe r m e able to glァcopeptide dr ugs S O a S u s c eptible
m llta nt W a s Obtain ed u sl rlg c o u nte r S ele ctio n; whe n
tran sfo r m edirltO this the clo n e c o nfer red a s m all(50 %)
butr epr odu ciblein cr e as edr esista n c eto v a n c o mycin . T he re
are n o r eportsin thelite ratu r e ofv a n c o mycl nin a ctiv ating
enz ymes andit m aybe that the e n 2, yme doe s n ot ta rget
glycopeptide but rathe r s o m e c ellw allc o mpo n e nt ofthe
v a n c o mycl n
- Su sceptible rnuta ntJ alterlrLg e ntrytO the drug･
Experirn e nts ar e u nder W aytOin vestigate whethe r v a n c o mydn
is chemic any m odlfTled bythe rgtge n eprodu ct･
Bal hirnァcin a nd v a n c o mycin a r e Clo s ely r elated
glyc opeptides havingthe sa m eheptapeptide ba ckbo n e and
differing o nlyin the phc e m ent ofthe s e c ond stlgar O nthe
ba ckbone･ Both co皿PO unds 征 陀Pr Odu c ed byJgmyM/a呼 血 A･
m edz
-
icr ra n ciD S M 5908a ndA･ wim Eah
'
s C 329･4 respe ctiv ely･
It n aybe signifi c ant that a n othe rstrain ofJg･ m edz
'
ie rrq n ei
,
D S M 43304
,
is the pr odu c e r ofrifa mァcin S V(30). T he
rifa nycin bio synthetic clu ste r w a s clo n ed a nd s eqll e n C ed
fro 皿A , m edi
'
te rra n eiS699(3)btlt thereis n o evide n c ethat
glyc o syl-tra n sfer 且Se S ar ein v olv edin the bio synthe由 of the
rifa mydn s(2,31, 32). Itisinte restingthat an e n zyr n e clos ely
r ehtedto co mpo n e ntsin v olv edin thebiosynthesis ofon ecla ss
ofa ntibiotics mightbe tlS edin thein a ctiv atio n ofa n othe r
dass.
A w ellcha r acteriz edglycosyltra n sfeias ein a ctiv ating
a ntibioticsis that which a cts upo n m 且C r Olide s s u ch a s
erythro nydn (33)･ Ho v ev ef,tho ughthe e n zyme ta rgetirLg
rifa mpicin sho 耶 ahighdegr e e ofs eqtl e n C e Si mihritytotho s e
fro mS･ 11
1
m
'
dLm S a nd SI G mbofG Cicn ∫targeting m a c rolidesthe
produ ct ofge n e w e clo n ed do e s n ot a ct o n e r7thr o rrIYdn ･
0 ulァ the dete r min a ntfo rpho 6Pho rァ1ativ ein a ctiv atio nis
n otyet cha n cteriz ed(Table1). Wo rk c n rr e ntly u nde r w ay
in o tlrabo rato ry haside ntified a 5･4 kb I)N A fr agm e nt
fr o mthe ge no miclibr ary ofN･ 〃titidisca ℡iG ru 彬IF M 0239
(34) which c o nfe rredthe abilitァto inqctiv ate rifa npicirLbァ
pho spho ryhtio n(A Rebie,ll nPublShed).
Co mpa rison s
Ta n aka etaZ･ .(22)sho w ed that rifan lPicin in a ctiv atio n
m e cha nisr ns ar e specie s speciflC･ All fLV e Str ain s ofN .
brasih
l
e n si∫ testedinactiv ated byglu c o syl乱tio n at the 23- O H
gro up ofthe a ntibiotic a nd all 6ve N･ oEitidLfC u t･iw 〟7 nStr ain s
testedpho spho ryl地 dthe2l
- O Hgr o uphe ncein a ctiv ating
the a ntibiotic･ De c o mpo sitio n w as obscrved wi 血 N.fw cim
-
ca
a nd N n o v a･ In R bodo co cEu ∫
,
de c o mpo sitio n w a sobs erv ed
in R ･ e rytbr o2olis a nd R･ gh be r y]lLSWhere as R . rbodo Ebro u s
in a ctiv ated by pho spho rylatio 皿･ Ribo sylatio n w asli mitedto
str ain s containing M K-9･サpe m e n aqtlin o n es s u chas Go rdo n a,
7tuho m u r c11L ” nd Myoba ct-
'
um ･ Allthes epr o c e ss estarget
eitherthe C-21(pho 8Pho ryhtion)orthe C-23(glu co sylatio n
a ndribosylatio n) of the drug･ De c or nposition is believ edto
o c c u rdu eto dis ruptio n of the n aph thalerIYl m oiety, as stated
abov e･ A su r v eyofothe r o rga nis m sfou ndflo Othergr o ups
w e r e able to in a ctiv ate r血 my⊂in s, with the ex c eptlOn Of
BLrCZ
'
l[u s: m arryStrain s eitherde co mpo s edLO TPho 8Pho rylated
thes ea ndbiotl CS(35). Hithe rto
,
n othingis know n about the
ge n es respon sible ･
Pla smid‾pD A71, co n structedin o u rlabo rato ry, w as
tlSedin cloning thege n esfo r all fotlr 亡ks s ei Ofrifampicin
in a ctivatingen2･yme･ It hasboth a stLicide fun ctio n a ndis
a shlttle v e cto r
,
c a rr71 ngr ePlic atio - nd chlo r a mphe nic ol
resistanc ege n esfr o 皿RJ5odo coccu sligatedtothe E･ coltv ecto r
pEcoR251which has a･po sltIV eSelectio n furlCtio n c o mpn slng
the Eco:R e ndo n tl Ce asc ge n eftlSedin fr a m etO regulato ry
ele m e nts fro m i phase stlChthat ∝pre ssio nis c o ntr oned by
A repress or(36)･ T hu s,itis als o a n expres sion ve cto r.
W hatis thei7 -
'
w fun ction 6fr血 mpIClnin actimting
e n 乞yme S?The m o rlO OXYgeELa S e Wasis olated fro mthe type
str ain ofR･ egui, a ba cteriu L nis olated before rifa mpicin
w as c re ated. All fo u r e n 乞y皿 e S a Ct■m o st effic acio u sly on
se m トsynthetic rifa mycユn S r athe r tha n the s e c o nda ry
m etabolite s asthey ar e Synthe si% ed by a ctinomycetes･ This
is evide n c ed by the highe rle v els ofr esita n c eto ri色mpicin
whe n c o mpa redto the n atw ally pr odu c ed rif且 myCin SV, n ot
what w oul d be 甲Pe Ctedifthes e e n zym adc a ctivites originally
e v olv ed a s a m e a n s ofS elf-defe n c e ag in st a n亡i micr obials
synthe si% ed by other mic ro o rga nis m s･ lt the refore s e e m s
tl nlikely that the s ege n e s ev ol eds olelytoimpart resista n c e
agal n St this a ntibiotic･ It w a spr oposed that these gen es
pr odu cts a rein v olv edin c ell w allass e mbly(24). Co n siste nt
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withthiside a,glyc osyltr a n sfer as e s a r ekno wrltObeirIVOIv edin
peptidoglyc a nbiosynthesis.
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